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Abstract 
Specific physical and optical properties of gallium nitride (GaN) nanostructure such as, large breakdown electric field, large direct 
band gap, high thermal conductivity and high electron mobility, turn it to a highly promising semiconductor for microelectronic 
and optoelectronic devices. GaN cauliflower-like nanostructures (CLNs) were synthesized by direct current plasma enhanced 
chemical vapor deposition (PECVD). Gallium (Ga) metal and nitrogen plasma were used as precursors. The GaN CLNs were 
grown based on the direct reaction between Ga atoms and excited nitrogen species in the plasma environment on Si substrate. The 
results of X-ray diffraction (XRD) show that the grown GaN CLNs have the hexagonal wurtzite type structure. FE-SEM image 
indicates that the average grain size of the grown CLNs is ~ 20 nm. The photoluminescence (PL) measurements indicate that the 
band gap of GaN CLNs is 3.41 eV. The EDS results show that the Ga and N ratio in the grown sample is 88% and 12%, respectively, 
by weight percent which is very close to the Ga and N ratio of prefect GaN crystal. The small Ga enrichment is related to the 
nitrogen vacancy of samples. The results demonstrate a simple inexpensive method for GaN CLNs formation at low temperature 
which is critical for many applications. 
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1. Introduction 
GaN is placed at the III-V group semiconductors in the periodic table. GaN has one of the best potential applications 
in UV optoelectronic devices. Nanostructures of GaN such as nanowires, nanolayers and nanoparticles are very 
interesting materials for biosensors, light emitting diodes (LEDs), multijunction solar cells, lasers and high power 
transistors, Gholampour et al. (2014), Gholampour et al. (2014), Schuster et al. (2012), Stephen et al. (2006), Yam and 
Hassan (2008). There are number of methods to produce GaN nanostructures that have some advantages and 
disadvantages in their growth techniques. Molecular beam epitaxy and metal organic chemical vapor deposition are 
expensive methods, Cui et al. (2013), Kaun et al. (2013), Kuo et al. (2008), but well established techniques to grow 
nanostructures under special conditions such as very clean and ultra-high vacuum chamber, Grant et al. (2007). Growth 
temperature of GaN nanostructures using chemical vapor deposition and thermal evaporation methods is very high (~ 
900°C), Samanta et al. (2012), Shekari et al., (2013) and (2012). Different growth conditions of these methods allow 
creating different morphologies. GaN CLNs can be used as solar cells due to their  rough surface and high surface 
area, Mori and Suzuki (2010). The Specific application of CLNs GaN hasn't been reported, yet. A blue-light emission 
at 410 nm was reported from mg2+ doped GaN nanoparticles, Mahalingam et al. (2008). In the most reported 
techniques, concentration of nitrogen vacancy and impurity increased due to high temperature synthesis of GaN 
nanostructures. This phenomenon have strongly effects on optoelectronic properties of the grown GaN, Pankove and 
Moustakas (1999), Shekari et al. (2012). In this investigation, GaN CLNs were synthesized using direct current 
PECVD. This method is green, flexible and inexpensive as compared to other methods. 
2. Experimental 
GaN CLNs were produced using PECVD technique from Plasmafanavar Amin Co, Iran. P-type Si orientation was 
used as substrate without any catalyst. Si wafer was sliced by silicon cutter into squares and washed using Radio 
Corporation of America (RCA) method, Shekari et al. (2011), and dried in room temperature. PECVD equipments 
have a horizontal quartz tube with 4 inches of diameter in a tube furnace and there are two parallel stainless steel 
electrodes with 3cm distance. Si substrates were placed on top of an alumina boat contained of Ga metal. Ga metallic, 
N2 and Ar gases were of high purity of 99.999%. CLNs of GaN were grown under 3Torr pressure of reaction chamber, 
volume of gases were controlled by using accurate mass flow controller. N2was introduced at 600°C up to 700°C with 
150 sccm and Ar pressure was 100 sccm. Temperature of furnace was increased at a rate of 25°C/min and then 
maintained at 700°C for 90min. A 550V, 2A (current) at 10 kHz were applied to electrodes. N2 and Ar plasmas were 
generated between the electrodes and produced active N2 and Ar radicals and ions for creation of GaN CLNs, after the 
reaction furnace was cooled down to room temperature. 
The morphology of GaN CLNs was analyzed by field emission scanning electron microscopy (FESEM). The 
structural characterizations were carried out using energy dispersive X-ray spectroscopy (EDS) and X-ray diffraction 
(XRD) using cobalt radiation with λ=1.79 AR . 
3. Results and discussion 
Figure 1 shows GaN CLNs deposited on Si substrate. The nanograins of GaN CLNs were grown in uniform sizes, 
under ~ 50 nm. Fig. 2 demonstrates EDS analysis of the CLNs. According to EDS quantity, the weight percent of Ga 
and N2 are 88% and 12%, respectively. Whereas weight percent of Ga and N in perfect compound must be 83% and 
17%, respectively. This result shows that there is 5% nitrogen vacancy in the prepared sample. There is oxygen 
impurity in EDS analysis, that could be introduced from air leakage, quartz tube and boat.  
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         Fig. 1. FESEM images of GaN CLNs were grown on Si substrate.   Fig. 2. EDS analysis of GaN CLNs. 
 
PL spectrum of GaN CLNs is shown in Fig. 3, which was excited with a wave length of 250 nm at room 
temperature. A broad PL emission peak ranging from 250-415 nm includes a UV light emission with its maximum 
intensity centered at ~ 362 nm is clearly observed. The energy gap of the grown GaN CLNs is 3.41 eV, which is higher 
than that of bulk GaN, Chin et al., (2007); Wei and Shi, (2011). The PL data of the samples was recorded at 45° 
relative to the excitation beam. There is a blue shift of ~10 meV in the energy gap of the grown GaN NPs as compared 
to the bulk, Wei and Shi, (2011). 
Fig. 4 illustrates the XRD pattern of the GaN CLNs grown via PECVD. There are three main XRD peaks of the 
grown samples at 2θ = 37.9°, 40.2° and 43°. GaN nanostructures are grown in hexagonal wurtzite structure with lattice 
constant of a = b = 3.19A
R
 and c = 5.18A
R
 [17]. The XRD spectrum illustrates that the oxygen impurity, which was 
detected in the grown samples (Fig. 2), do not react with other elements. The GaN CLNs grain sizes, according to 
Scherrer formula, has been calculated:
 
0.89D
B cos
O
T 
   (1) 
where D is grain size of CLNs, λ is the wavelength of X-ray which is 1.789 AR , B is the FWHD value, and θ is the 
Bragg angle. The mean grain size of GaN CLNs was obtained to be about 12.5 nm. Grain sizes obtained from formula 
1 confirms the result of Fig. 3. These results indicate that by optimizing the conditions of the growth, high quality 
CLNs of GaN at low temperature could be achieved. Fig. 5 shows a diagram of size distribution of GaN CLNs. This 
diagram indicates that all of the grown CLNs are less than 50 nm. Maximum and minimum sizes of grown GaN CLNs 
are about 12 and 45 nm, respectively. 
 
Fig. 3. Photoluminescence spectrum of GaN .  Fig. 4. Three main XRD peaks of GaN CLNs. 
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Fig. 5. Size distribution of GaN CLNs were grown on Si substrate. 
4. Conclusion 
In conclusion, GaN CLNs were synthesized via PECVD method with nitrogen plasma and pure Ga metallic 
precursors. CLNs were grown on Si substrate at low temperature using plasma ambient. FESEM images indicated that 
the GaN CLNs were grown on Si wafer. In presence of plasma, GaN were formed in low temperature, rather than 
other high temperature synthesis methods such as CVD and thermal evaporation. The PL spectrum indicated that the 
sharp peak placed at 362 nm and the band gap was 3.41 eV. The XRD pattern indicated that the grown GaN is of 
hexagonal structure. The EDS analysis showed that there are some nitrogen vacancies in GaN CLNs. The structural 
and morphological analysis of the grown samples showed that a high quality GaN CLNs was prepared in this method. 
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